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This invention relates to means and methods 
for repetitively exerting momentary peak pres 
sures on expansible receivers. More particularly 
the invention relates to means and methods of 
exerting momentary peak ?uid pressures on a 
receiver of a massage suit. 
Massage suits are provided for the use of hos 

pital patients either while recuperating from an 
illness or surgery, or may be utilized during an 
operation itself. The purpose of the suit, which 
is worn by the patient in a manner similar to 
a pair of coveralls, is to provide means to stimu 
late the circulation of the blood. To effect this 
purpose the legs of the suit are provided with 
bags of stretchable, flimsy material and the bags 
are secured by straps about the patient’s leg, 
whereafter pressure is applied to the bag in 
pulses, which pulses are transmitted to the 
patient’s leg and arteries to assist in the pumping 
of blood therethrough. 
The pressure pulsation imparted to the blood 

system of the patient is required to vary slightly 
with the patient, both in amplitude and time of 
application, as a thin person may require a some 
what lower pressure and shorter pulse period than 
an individual having an obese extremity. Further 
the rate of application of pressure to the leg of 
the patient and the rate of withdrawal of pres 
sure should be substantially identical. 
The apparatus which delivers the liquid under 

pressure to the expansible bags must be of such 
a size and weight that it may readily be brought 
into a small hospital room and conveniently used 
therein. Further it must deliver liquid, such as 
water, to the bag or receiver at relatively high 
flow rates and pressures. Commercial apparatus 
capable of ful?lling this combination of require 
ments is not available for a unit, e. g. a pump 
which could meet the flow and pressure require 
ments is so large and unwieldy as to present 
di?iculties in use; also a pump of proper physical 
size capable of attaining the required pressure 
does not have a sufficient ?ow rate and those 
pumps of moderate size having adequate ?ow 
rates do not meet the pressure requirements. 

It is a particular object of this invention to 
provide apparatus which meets the above noted 
requirements. 

It is a primary object of this invention to pro 
vide controlled means for positively exerting a 
momentary peak pressure on an expansible bag 
of stretchable material. 

It is another object of this invention to provide 
controlled means for positively exerting a mo 
mentary peak pressure on an expansible bag or 
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receiver of stretchable material which means 
utilize a liquid medium. 

It is an important object of this invention to 
provide controlled means for repetitively apply 
ing a momentary peak pressure on an expansible 
bag or receiver of stretchable material. 

It is yet another object of this invention to 
provide a method of repetitively applying a con 
trolled peak pressure to an expansible bag of 
stretchable material. 

It is a principal object of this invention to 
provide an electrical circuit arrangement which 
governs the application of the pressure in a given 
time sequence. 

It is also an object of this invention to pro 
vide controlled means for repetitively applying a 
momentary peak pressure on an expansible re 
ceiver of stretchable material which means may 
be readily adjusted to provide particular peak 

20 pressures within a predetermined range. 
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Yet another object of the invention is to pro 
vide a method of obtaining a momentary peak 
pressure on a bag of expansible material. 
These and other allied objectives of the in 

vention are accomplished by securing to an ex 
pansible stretchable bag or receiver a hydraulic 
conversion unit consisting of two mechanically 
linked hydraulic cylinders in series and of dif 
fering diameter, the smaller double acting cylin 
der having the piston thereof motivated through 
a motor and pump combination at relatively high 
pressures, while the piston oi the larger cylinder 
actuated directly by and in unison with the mo 
tion of the smaller piston delivers to the receiver 
a liquid at lower pressures but in considerably 
increased volume. This large volume delivery 
renders negligible the stretchable e?ect of the 
receiver and thus assures that a true momentary 
peak pressure will be achieved. 
The application oflpressure to the double act 

ing cylinder is controlled by means of a solenoid 
operated, spring loaded, open center four way 
valve through which liquid courses in response 
to the action of the motor and pump combina 
tion, control of the course of the flow being 
effected by an electrical circuit arrangement 
dominating the action of the four way valve. 
The electrical circuit is itself responsive to the 

actuation of pressure switches disposed in the 
hydraulic system and timing means are provided 
within the electrical circuit for regulating the 
period of ?uid flow. 
The invention will be more fully understood 
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by reference to the following detailed description 
and appended drawings wherein: 
Figure 1 is a schematic representation of the 

hydraulic system including a four way valve; 
Figures 2a, 2b and 2c illustrate the operative 

positions of the valve; 
Figure 3 is a diagram of the electrical circuit; 
Figure 4 is a curve of pressure versus time indi 

cating the effect of operation of the structure of 
the invention; 

Figure 5 is a perspective view of the unit of 
invention; and 

Figure 6 is a view similar to that of Figure 5 
with the casing on the unit and ready for connec 
tion to the receiver of a massage/suit. 
There is shown in Figure l a water cylinder I 

having an opening in the upper'endithereof con 
nected through line 2 having a hand valve 3 with 
a reservoir 4 containing water. A second open 
ing in the upper end of cylinder I is connected 
through line 5 having a disconnect coupling 83 
to the receiver 46 of the massage suit to be de 
scribed more particularly hereinafter. 
A piston 6 closely engaging the walls of the 

cylinder has a shaft ‘I secured "thereto which 
passes through the lower end wall of cylinder I 
and has secured to the other end thereof a piston 
6 of smaller diameter than that of piston 6. 
Piston 8 is enclosed in cylinder 8 which is pro 
vided with ports I0 and II from which lines I2 
and I3 extend to openings I4 and I5, respectively, 
in a four way valve I6. Secured in line I2 be 
tween the cylinder 9 and the valve I6 is a pulsa 
tion dampener I1 and a pressure switch I8. By 
passing line I3 between cylinder 9 and valve I6 
is the combination of a variable set relief valve 
IS, a pressure switch 20 and a check valve 2I. 
The check valve 2I prevents direct fluid flow to 
pressure switch 20 and permits a pressure rise 
in the line between the elements 2| and 20. 
four way valve I6 has opening 22 which is con 
nected to line 23 and the other end of this line 
23 is provided with a pump 24 driven by a motor 
25. The inlet line 26 of the pump 24 is connected 
with an oil reservoir 2'! which reservoir has an 
opening 28 which is connected directly to the 
valve I6 through line 29. Connected between 
line 29 and line 23 is a relief valve 30 having 
associated therewith a pulsation dampener 3| 
and a pressure gauge ‘32 of about 600 p. s. i. ca 
pacity. A bypass line indicated generally at 33 
and having a needle valve 34 bypasses the relief 
valve 30. This relief valve is adapted to be set 
at about 300# p. s. i. , 
This hydraulic unit as described is connected 

through means of the port in the wall of cylin 
der I through line 5 to the massage suit 36 by 
couplings on the suit indicated at 31. The suit 
36 is provided with legs 38, 39 and a receiver 40 
of stretchable material may be seen secured to 
each of the legs. Lacings 4| are provided to 
secure the receiver 40 tightly to the leg of the 
patient. 
As more clearly shown in‘Figures 2a, 2b and 2c 

the four way valve I6 is a spool valve provided 
with solenoids 42 and 43 positioned in housing 44 
which also contains spring elements 45 and 46. 
In Figure 2a the valve is shown positioned to 

pass oil from the pump through opening I5 and 
line I3 to the lower side of cylinder 9. 
As shown in Figure 2b the spool is centrally 

positioned and oil flows from the pump 24 di 
rectly back to the reservoir 21 through line 29. 
As shown in Figure 2clthe spool is positioned 
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4 
to pass oil through opening I4 and line I2 to the 
upper side of the cylinder 9. 
The action of valve I6 is controlled by the 

spring elements 45, 46 which tend to force the 
valve to the central, open center position and the 
solenoids 42, 43 which occasion movement of the 
spool to the left or right position under the in?u 
ence of power derived from the electrical circuit. 
Figure 3 is a schematic diagram of the elec 

trical circuit arrangement. It will be noted at 
the left of the diagram there is positioned a 
power switch 50 fed from a source (not shown) 
to pass current through lines 5| and 52. A motor 
25 is connected across the line as in the combina 
tion of pressure switch 26 and coil 55. A con 
denser 56 is connected across the coil 55 for pur 
poses to be described hereinafter. 
At 5‘! the four way valve is schematically rep 

resented, the solenoids being indicated at 42 and 
43 numbered as heretofore. The exhaust sole 
noid 42 has one end thereof connected to the 
power line element 52 through contact 54 of vari 
able resistor 66, and the other end thereof to 
open contact 6|, which contact 6| is one of three 
in a relay system noted generally by the numeral 
66, indicated by the adjacent dotted line, and 
operative upon energization of coil 55. The ?ll 
ing solenoid 43 has one end thereof connected 
to contact 63 and switch or switch arm 66 and 
the other end of solenoid 43 is connected to one 
side 52 of the power line through resistor 84, 
contact 85 and contact 82. Contact 82 is a mem 
ber of a second relay system indicated by the 
dotted line extending through coil “I8 and opera 
tive upon energization of the said coil. 

Contacts 62, 63 and 65 are normally closed and 
are ganged together on relay 66 for actuation 
through the coil '55, which relay in the actuated 
position closes on contacts GI and 64. Similarly 
ganged switch arrangement I2 or relay system 
indicated by the dotted line adjacent thereto is 
normally closed on contacts 61 and 69 and when 
actuated by coil ‘I3 closes on contacts 68 and ‘I6 
and also closes switch ‘II. 
A timer arrangement indicated generally at 86 

consists of timer motor 11, contact ‘I6, switch -'I_5, 
coil 18, a switch ‘I9 and a mechanical timer con 
tact 80, and contact 83. 
Before the start of operation water is bled in 

suf?cient quantity into the top of cylinder I and 
valve 3 (Figures 1 and 5) is then closed. The 
amount of water is not critical as long as it is 
sufiicient in amount to fill the receiver and the 
top of the cylinder under pressure conditions. 

rl‘ihe operation of the device is then initiated by 
closing power switch 56 which causes motor 25 to 
operate and oil to ?ow from reservoir El’. With 
the closing of switch electric current flows 
through line 5i, contacts SI, ‘68 and coil 55 to 
the other side 52 of the power line. The current 
?owing in coil 55 causes the ganged switch ar 
rangement 66 to open contacts 62, 63 and 65 and 
close contacts 6! and 64 thereby completing the 
circuit having contact 66, contact 6I, solenoid '42 
and variable resistor 66 and the power line ele 
ments 5!, 52. 

Operation of solenoid 42 moves the spool of 
valve I6 leftwardly from the position shown in 
Figure 2b to that shown in Figure 2c and oil 
accordingly passes through line I2 to the upper 
end of cylinder 6 forcing the mechanically locked 
pistons 8 and 6 downwardly. When the pres 
sure in line I2 and cylinder 9 reaches that at 
which pressure switch I6 is triggered, for example 
275#, this switch closes, completing electrical 
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circuits ‘between power line elements 5|, 52 
through contact 64 and motor 11 and also through 
coil 18, switch 19 and contact 80. 
Current ?owing through coil 18 will cause con 

tact 16 to close with switch arm 15 connecting 
motor 11 directly across the line and switch 8| 
also changes position causing a circuit to be com 
pleted between line element 5|, pressure switch 
l8, coil 13, contact 83 and line element 52. 
Current coursing through coil ‘I3 causes the 

ganged switch arrangement 12 having contacts 
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68, 10 "and ‘II to be actuated thereby closing these I 
contacts and opening the circuit at 51 and 69 
which opens the line to the coil 55 and which 
causes contacts 62, 63 and 64 to resume their 
normal positions as shown in Figure 3. Mean 
while current coursing through coil 18 will main 
tain contact 82 open and hence solenoid 43 open, 
but when the timing motor has attained the pre 
determined setting switch 80 will be opened me 
chanically causing the ?eld across coil 18 to fall 
thereby closing contact 82. This would also 
cause the ?eld across coil 13 to fall and accord 
ingly holding contact ‘H is provided to prevent 
this occurrence at this time. 
With the above operation the circuit of the 

filling solenoid 43 is now completed across the line 
through contacts 63, 65 and pressure switch I8 
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on one side and variable resistor 84 and contact ‘ 
82 on the other side of the solenoid. 
Actuation of solenoid 43 causes the spool of 

valve IE to move to its Figure 2a position and oil 
accordingly ?ows to the bottom side of cylinder 
9 causing pistons 8 and 6 to rise. Thereby water 

of stretchable material and ‘pressure is exerted on 
the leg of the patient. However as the pressure 
on switch l8 begins to fall this switch opens and 
the circuit through solenoid 43 is completed across 
the line through contacts 10, B3, resistor 84 and 
contacts 82. This circuit was of course as to 63 
completed upon the original actuation of coil 13. 
When the pressure in oil line l3 has exceeded 

the relief valve setting and the oil exerts the trip- 
ping pressure, about 70# for pressure switch 20, 
this switch closes completing the circuit across 
the power line through coil 55 and thereby again 
changing the position of the relay system 66 
carrying contacts 62, 63 and 64. 
This causes an open contact at 65 thus break 

ing the circuit which had existed through contact 
10, contact 65, coil 13 and switch ‘H and elfectively 
clears the circuit for another cycle of operation. 
Thus the exhaust solenoid 42 is then again ener 
gized from the power line through contacts 6| and 
54 on resistor 60 and the operation is automati 
cally repeated. 
Condenser 58 across coil 55 and condenser 81 

across coil 13 are each provided to supply cur 
rent to the coils as the ?elds thereacross change. 
This prevents the spool of the valve l6 from mov 
ing too rapidly across the valve body and pre 
vents clioking sounds emanating therefrom which 
might be distracting in a hospital or surgery room. 

Relief valve I9 is primarily a safety feature and 
in conjunction with check valve 2| which is nor 
mally set to be actuated at about 5# differential 
pressure and operates to protect the oil system 
from overload. 
The pulse dampeners I1 and 3| of conventional 

construction serve to insure that the switches 
I8, 20 will not be affected by surge pressures in 
the lines. 
Needle valve 34 is set with relation to variable 

set relief valve l9 and operates to bypass in large 

is forced through line 5 to the expansible bag H535 
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6 
measure the oil ?ow around relief valve 30 which 
is normally set at about 300#. Thus this valve 
controls the amount of oil recycled and hence the 
speed of operation of the piston 8. 
With the hydraulic system shown, piston 6 

having a diameter of about 6" and piston 8 a 
diameter of about 2", the diameter of the con 
necting piston rod 1 being about 1%" ?ow of 
water to the expansible receiver to attain a pres 
sure of about 25# per square inch is accomplished 
with an oil pressure of about 225 p. s. i. on the 
lower face of piston 8 in about 31/2 seconds. The 
volume of each bag is then about 152 cubic inches. 
As may be seen from Figure 4 the unit may 

be conveniently set to allow the pressure to rise 
from about zero to about 25# per square inch in 
about 3% seconds and the pressure fall may like 
wise have the same time period. Pulsations may 
occur at convenient intervals of about 4 seconds 
and this interval is determined by a pre-set of 
motor 11 (Figure 3). 
Motor TI is ?rst actuated upon the closing of 

switch 18 as noted hereinbefore, when the pres 
sure on the upper Side of piston 8 has reached 
the switch l8 setting. Motor 1'! will continue 
to operate as long as coil 18 is energized since 
contact ‘I6 which is a portion of the relay will 
be closed and place motor 17 directly across the 
power line. Upon the opening of switch 80 me 
chanically at the end of the predetermined time 
period, 4 seconds in the present instance (Fig 
ure 4), the coil across coil 18 falls opening switch 
16 and stopping the timing motor, switch 8!] then 
returning to position. Prior to the opening of 
switch 80 switch It has been opened due to the 
fall of pressure in the portion of cylinder 5 above 
piston 8 as the oil moves back through valve Hi. 
It will be noted however that the circuit of the 
?lling solenoid 43 cannot be completed until coil 
18 is de-energized and contact 82 is closed on 
switch Bi and that switch 80 is spring loaded to 
return to contact position upon the de-energizing 
of coil 18. By the above means smooth operation 
of the system, as shown by Figure 4, is assured. 
The time of reversal (see Figure 4) is approxi 

mately the same, much of the water being drawn 
from the expansible receiver as piston 6 moves 
downwardly forcing air through the opening 88 
to the atmosphere. The downward travel of the 
piston is accomplished at higher pressure than 
the upward motion to offset the elTect of de 
creased area due to rod 1. 

It will thus be seen that the method of in 
vention provides for the attainment of relatively 
high ?ow rates from cylinder I derived from 
high pressures in cylinder 9 thus permitting the 
attainment of an operation cycle as shown in 
Figure 4. 

It should also be noted that in normal opera 
tion the receiver of a massage suit will be posi 
tioned at a higher elevation than the unit of in 
vention and gravity will then assist the ?ow of 
water from the receiver to return the pressure 
on the same to substantially atmospheric. Un 
der this condition a portion of the water may 
remain in the receiver and the operation is fa 
cilltated thereby. 
As may be clearly seen from Figures 5 and 6 

the unit of invention is an extremely compact 
and versatile arrangement having all control ele 
ments readily available to an operator. Thus 
valve 3, speed control 34, adjustable relief valve 
l9, water pressure gauge 90, coupler 31, and timer 
control 86 (see also Figure 3) are conveniently 
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positioned. A platform 92 having wheels.“ sup 
ports the unit and renders it easily movable when 
pressure is exerted on handle I02 (Figure 6). 
Casing I09 eliminates substantially all pockets 
‘or corners which might collect dust and dirt thus 
assisting in a particularly clean unit. The weight 
of the unit is only about 275 pounds and the over 
all height about 3 feet. 

It will be understood that this invention is 
susceptible to modi?cation in order ‘to adopt it 
to different usages and conditions and, accord 
ingly it is desired to comprehend such modi?ca 
tions within this invention as may fall within 
the scope of the appended claims. 

I claim: 
1. In a liquid ?ow system an electric circuit 

for controlling the cyclic operation of a unit 
having an open center spring loaded four way 
valve and a pressure cylinder into the opposite 
ends of which streams of flowing liquid are di 
rected alternately for exerting a pressure on op 
posing faces of the piston of the cylinder, and 
which unit has a pressure switch reactive with 
each said stream, the combination comprising 
electric circuit power means including a power 
line, ?rst and second solenoids for control of the 
valve, a ?rst coil having an associated relay and 
connected across said power line of said power 
means, the said ?rst coil being operative upon 
actuation thereof to control a ?rst solenoid and 
the flow of one of said streams from said valve, 
a second coil and associated relay operative upon 
actuation of one of said pressure switches to de 
energize said ?rst coil and thereby center said 
spring loaded valve, a third coil and associated 
relay operative upon actuation of said second coil 
to maintain said valve in open center position, a 
timing motor having mechanical means operable 
to de-energize said third coil, and circuit means 
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including, said second solenoid Operable upon the 
de-energizing of said third coil to control the 
flow of the other of said streams fro'm'said' valve. 

2. A system as in claim‘l infwhich ‘the second 
coil and its associated relay are'maintained in 
circuitupon deenergization of the actuating pres 
sure switch, the relay associated'with the ?rst 
coil, which coil is itself deenergizedpfunctioning 
to maintain the said second coil and relay‘in 
circut. ' 

3. A system as in claim 1 in which the second 
coil and its associated relay are deenergized upon 
a rise of pressure in the other of said streams, 
said deenergization taking place by actuation of 
the pressure switch associated with the other 
of said streams and the simultaneous energiza 
tion of said ?rst coil. ' 

a. A system as in claim 1 in which the pres 
sure switch reactive with the other of said streams 
is actuable upon rise of pressure in said stream 
and is energized with the ?rst coil and relay asso 
ciated with the said ?rst coil. 
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